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1. Introduction to Cosmology 0

Find something that allows you to
measure distances and velocities:

Standardizable Candle







Dark Energy

Cosmological Constant

Alternatives to GR
Sub-density regions, Bubbles

And a whole new set of possibilities emerged...
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Z.WhY? Standard Procedure to study DE properties

Pick a cosmological model:

Homogeneous and isotropic Universe: FRW metric
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To make things easier: k=0

http://www.galacticfool.com/wp-content/uploads/2009/05/cosmic-scale-factor1.png



2. Why? Standd Procedure|
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2. Why? Standard Procedure
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2. Why? Standard Procedure
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2. Why? Standard Procedur
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s It possible to determine
characteristics of, for example, H(z),
without making hypothesis about
material content of the Universe or
underlying gravity theory?




3. How? Pnncr al Component Anal srs PCA
The main goal of PCA is to reduce the drmensonalrty of
n"ﬂ‘ the |n|t|aI parameter space




3. How? PCA: example

General idea:

N objects
p things we know about them
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-n° publications;
- n°frequent flyer miles;
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3. How? PCA: example

do astronomers who spend most of their lives in airports publish more?

Do people with inefficient cars fly more, or is it only the smart ones
(with lots of publications) that do so?

Do these correlations represent real causal connection?

or..... or it is just that once you get tenure you buy a new car, stop publishing
and give lots of invited talks in exotic foreign locations?

—astro-ph/9905079



3. How? PCA

First try:

Analyze all possible pair of parameters...
...which becomes impossible for not so large number of parameters!

1QiGray Matter Correlations

PCA finds correlations between parameters
(in order to reduce the dimensionality of parameter space)

One of the first applications were in social sciences....

Ex: a set of p tests were applied to a group of n people,
in order to test criativity, memory, mathematical skills...
and tryied to find correlations

Result: almost all tests showed correlations with the others,
indicating that one unic variable could be capable of
predicting the result of one person in all the tests

IQ tests...

—astro-ph/9905079



3. How? PCA

Notation
sample —> x:(x], ,xn)
Covariance: _ y (xi —X )(y [~ Y )
cov(x, y) Z} o

cov(x,x) cov(x,y)

cov(y,x) cov(y,y)

Eigenvectors = Principal Components — PCs -(new uncorrelated variables)

Covariance matrix (2D): C =

Eigenvalues — variances associated to the PCs
Largest eigenvalue —  1° Principal Component

Re-write the data using the new set of parameters (PC)

http://csnet.otago.ac.nz/cosc453/student_tutorials/principal_components.pdf



3. How? PCA

http.//www.stat.ucla.edu/~dinov/

PCA for Face Recognition —
First 20 (largest) principal components

PCA for Face Recognition — Original (right)
vs. PCA Approximations (below)

PCA for Face Recognition —

Components with low eigenvalues




How to obtain a covariance matrix
if we have only 1 quantity
observed?

It Is possible to analytically obtain
the covariance matrix using the
Fisher matrix




4- Can you measure it? t
Notatlon for Maximum Likelihood Method
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4-Can you measure it?
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4-Can you measure it? | 3
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4- Can you measure it? |
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4- Can you measure it? |
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4- Can you measure it? |
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Statistical tricks...
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4- Can you measure it?

What about the real world?

287 data points

z< 14

Sloan Digital Sky Survey g

28 redshitt bins
Az = 0.05

http://www.sdss.org/supernova
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Final Remarks

PCA is not completely free of hypothesis...

... but it can be a viable way to determine features of cosmological
quantities that might be present in the data, but not in our theoretical
models...

...although, some crucial issues must be solved (how many PCs?).

With the current error bars, the agreement between red-
envelope galaxies and our reconstructions is nothing more
than a happy coincidence...

... but can this situation change in the near future?

Can we thing about something interesting in those
redshifts that would deviate from our smooth models?




